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(54) Title: VIBRATION ATTENUATION SYSTEM 



(57) Abstract 

A vibration attenuation system 
comprises at least one operative ma- 
chine (17), one idle machine (18) and 
a support (21). Each machine (17, 18) 
is mounted on the support (21) via re- 
spective operative and idle mounts (19, 
20). The stiffness of each mount (19, 
20) may be switched between an iso- 
lation mode and an absorption mode. 
The stiffness of the operative mount 
is switched to isolation mode and the 
stiffness of the idle mount is switched 
to absorption mode to minimise vibra- 
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tion in the support (21). The mounts can be mechanical mounts such as springs, which arc connected or disconnected according to which 
mode is required, or can have variable stiffness, for example a mount whose stiffness is dependent upon a change in potential applied to 
an electro-rheological fluid causing a change in viscosity of the fluid. The system is particularly suitable for reducing vibration in aircraft 
or ships. 
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VIBRATION ATTENUATION SYSTEM 
This invention relates to a vibration attenuation system. 

Conventionally, vibration control may be by isolation of a vibrating source from 
5 its support using isolating mounts, or by absorbing vibrations in the body itself by 
attaching an absorber, e.g. for a machine, to absorb vibrations due to the machine's 
frequency of operation. In some cases both systems are used. These systems for 
controlling vibration are expensive in terms of space, weight and materials, because 
each machine requires its own specialised mount and absorbing mass. This is 
10 particularly felt in aircraft and shios where space and weight are at a premium. 

in accordance with the present invention, a vibration attenuation system 
comprises at least one operative machine, one idle machine and a support; wherein 
each machine is mounted on the support via respective operative and idle mounts; 
wherein the stiffness of each mount may be switched between an isolation mode and 
15 an absorption mode; and wherein the stiffness of the operative mount is switched to 
isolation mode and the stiffness of the idle mount is switched to absorption mode, 
such that vib^^gtion in the support is minimised. 

The present invention uses an idle machine and its mount to absorb vibrations 
in another operative machine installed on the same support. The absorption mass 
20 and associated mounting of the prior art systems are no longer required, thereby 
reducing the overall size, weight and cost of the system. 

The stiffness of each mount may be varied by disconnecting one part of the 
mount from the support and connecting another part of the mount dependent on the 
desired mode of operation, but preferably, each of the operative and idle mounts 
25 comprise a single mount, the stiffness of which is controllable. 

This further reduces the degree of redundancy in the system by using the 
same mount, but altering its stiffness, rather than the mount having two different 
parts, only one of which is in use at any time. 

Preferably, each mount comprises controllable means for controlling the 
30 stiffness of the mount. 

Preferably, the controllable means comprises electro-rheotogical fluid. 
Preferably, the stiffness of the idle mount may be switched to one of a plurality 
of stiffness values. This allows the idle machine and its mounting to be used as an 
absorber for machines having different speeds of operation, which are on the same 
35 mount. 
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Preferably, the stiffness of the idle mount in absorption mode is tuned for the 
operating frequency of the respective operative machine. 

This maximises vibration absorption and allows the stiffness to be tuned to 
specific machines. 
5 Preferably, the support is rigid. 

Examples of a vibration attenuation system in accordance with the present 
invention will now be described and contrasted with conventional vibration control 
system with reference to the accompanying drawings in which. - 

Figure 1 is a first conventional vibration control system; 
10 Figure 2 is a second conventional vibration control system; 

Figure 3 is a first example of a vibration control system according to the invention; 

Figure 4 is a second example of a vibration control system according to the invention; 

Figure 5 shows in more detail a mount for the system of Fig, 3 or Fig. 4; and 

Figure 6 shows in more detail an alternative mount for the system of Fig. 3 or Fig. 4. 

15 

A conventional vibration control system is shown in Fig. 1 in which a machine 1 
is mounted to a support 2, which is fixed at both ends 3. The machine 1 has a mass 
m, and is attached via a first mounting 4 of stiffness ki to the support 2. A dummy 
weight 5 of mass m2 is attached to the support 2 via a second mounting 6 of stiffness 
20 ka. Usually, to minimise vibration in the support, the mass of the dummy weight 5 and 
the stiffness of the second mounting 6 are chosen such that: 

= 27cf 

25 (m^)^^ 

where m is mass in kg, k is stiffness in kgs'^ and f is the frequency to be controlled, 
such as the fundamental operating frequency of the machine, 

A more complex vibration control system is shown in Fig. 2 in which first and 

30 second machines 9,10 are mounted on a support 7 which is fixed at both ends 8. The 
first and second machines 9, 10 are attached to the support via first and second 
mountings 11,12 and first and second dummy weights 13,14 are attached to the 
support through third and fourth mountings 15,16. Such an arrangement may be 
extended to multiple machines, but it requires a dummy weight and mounting for each 

35 machine. The disadvantages of the systems shown in Figs.1 and 2 are the extra 
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Space, cost and weight associated with the dummy masses and their vibration 
. mountings. This problem is accentuated when a machine is idle and particularly 
where a machine is a backup for another and thus unlikely to be operating all that 
often. This is common on aircraft or ships which need backup machines in place, but 
5 have limitations on space and weight. 

An example of a vibration attenuation system in accordance with the present 
invention is shown in Fig. 3. The system has a pair of machines 17.18 mounted via 
respective mounts 19,20 to a support 21 which is fixed at both ends 22. In use, one 
of the machines 17 is operative and the other machine 18 is idle. The stiffness of the 
10 mount supporting the idle machine 18 is switched to an absorption mode which is 
adapted to the frequency of operation of the operative machine 17. A mount with 
variable stiffness may be produced in several ways, such as switching between two 
mechanical mounts both connected to the idle machine, controlling hydraulic fluid in 
the mount or using a mount containing electro-rheological fluid which has different 
15 stiffness properties according to the voltage applied across it. 

In Fig. 4, a support 23 has multiple machines 25 mounted via respective 
mounts 24. The stiffness of each of these mounts 24 can be varied according to 
which machine is idle and which is operative, so that where machines are run at 
different times of day for different purposes, a machine not in use provides vibration 
20 absorption for one which is. 

Fig. 5 shows an example of a mechanical mount for the present invention, e.g. 
springs or other resilient couplings, such as rubber. One spring 27. which has a 
stiffness suitable for the frequency of operation of an operative machine 30, is 
connected between a support 29 and an idle machine 28, and another spring 26 is 
25 disconnected at one end, by hand or by an automatic switch. On the operative 

machine an isolation spring 31 is connected and another spring 32 is disconnected. If 
the operative machine 30 became idle and the idle machine 28 was brought into 
operation, then the connected springs 27,31 would be disconnected and the other 
springs 31.32 connected. 
30 Fig. 6 illustrates a mount whose stiffness is controlled using electro-rheological 

fluid. An example of an electro-rheological fluid is silica spheres in water and glycerol. 
The mount comprises a flexible housing 33. e.g. a rubber bladder, which contains the 
electro-rheological fluid 34. This fluid has the property that application of a potential to 
it causes a change in viscosity. This property can be used to alter the stiffness of the 
35 mount according to the function it is to perform. The potential can be made 
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continuously variable by inserting a rheostat 35 in the circuit as shown in Fig. 6a so 
that the viscosity may be tuned to the stiffness required for a particular machine or a 
multiway switch 36 as shown in Fig. 6b can be connected to fixed predefined 
potentials. When a mount is to act as an isolator, a first potential is applied, but if 
subsequently the same mount was to act as an absorber, then a different potential is 
applied and the viscosity of the liquid changes. This type of switching is preferable to 
the use of different mechanical springs or resilient materials because there is no 
redundancy, so reducing weight and saving-space. 
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CLAIMS 

1. A vibration attenuation system, the system comprising at least one operative 
machine (17), one idle machine (18) and a support (21); wherein each machine 

5 (17,18) is mounted on the support (21) via respective operative and idle mounts 
(19,20); wherein the stiffness of each mount may be switched between an isolation 
mode and an absorption mode; and wherein the stiffness of the operative mount (19) 
is switched to isolation mode and the stiffness of the idle mount (20) is switched to 
absorption mode, such that vibration in the support (21) is minimised. 

10 

2. A system according to claim 1. wherein each of the operative and idle mounts 
comprise a single mount, the stiffness of which is controllable. 

3. A system according to any preceding claim, wherein each mount comprises 
15 controllable means for controlling the stiffness of the mount. 

4. A system according to claim 3, wherein the controllable means comprises 
electro-rheological fluid. 

20 5. A system according to claim 4, wherein the electro-rheological fluid comprises 
silica spheres in water and glycerol. 

6. A system according to any preceding claim, wherein the stiffness of the idle 
mount may be switched to one of a plurality of stiffness values. 

25 

7. A system according to any of claims 1 to 6, wherein the stiffness of the idle 
mount (20) in absorption mode is tuned for the operating frequency of the respective 
operative machine. 

30 8. A system according to any preceding claim, wherein the support (21) is rigid. 
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Fig.6(a) 
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is mounted on the support (2 1 ) via re- 
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tion in the support (21). The mounts can be mechanical mounts such as springs, which are connected or disconnected according to which 
mode is required, or can have variable stiffness, for example a mount whose stiffness is dependent upon a change in potential applied to 
an electro-rheological fluid causing a change in viscosity of the fluid. The system is particularly suitable for reducing vibration in aircraft 
or ships. 
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